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Abstract 
   The rice grains of six genotypes differing in genetic background were evaluated for 
physical characteristics, proximate composition and cooking quality characteristics. The seed 
index varied from 10.48 to 20.77g per 1000 grains. Grain: Husk ratio varied from 3.36 to 4.12. 
and Length: breadth ratio ranged from 2.99 to 3.59. The nutritional composition of genotypes in 
percent was moisture, 12.63 to 14.03; crude protein, 6.83 to 7.3; crude fat, 0.85 to 1.48; crude 
fiber, 0.61 to 0.96; ash, 0.65 to 0.92 and carbohydrates, 76.12 to 78.58. The iron and zinc 
content varied between 9.7 to 20 ppm and 21.8 to 29.8 ppm respectively. The grains of genotype 
Bhogavati were found to be high in protein content of 7.30 per cent, whereas minimum crude 
fiber content was observed in genotype Phule Samrudhi. The genotypes Bhogavati and Phule 
maval recorded the lysine content of 3.84 to 5.06g 16-1 g N respectively. The grain starch 
content varied from 71.14 to 76.75 per cent. The genotypes Bhogavati and Phule Samrudhi 
exhibited the highest amylose content of 26.76 and 24.03 per cent, respectively, while the 
genotype Phule Maval exhibited highest amylopectin content of 85.36 per cent. The grain 
swelling ratio varied from 1.64 to 2.34 and the cooking time ranged from 15 to 21.6 minutes. The 
genotype Phule Maval exhibited highest grain swelling. The rice requiring higher grain cooking 
time were found to be very sticky as stickiness was found to be significantly and positively 
correlated with crude protein, crude fat, crude fibre, grain swelling, cooking time and 
amylopectin, and negatively correlated with starch and amylose. This study revealed that 
genotype Bhogavati and Phule Maval to be revealed nutritionally better with good cooking 
quality.  
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Introduction 
Rice (Oryza sativa L.) is the staple food for over half of the world's population. India 
produced 105 million tons of rice on an area of 44.8 million ha (Anonymous, 2015). Rice has 
been rightly considered as the queen among cereals for it's nutritional quality and higher 
digestibility, ranking the world’s number one food crop (Itani et al., 2002). It is a good source of 
carbohydrates, proteins, vitamins and minerals and contains better assortment of amino acids, 
particularly lysine and methionine, compared to other cereal grains, including corn and wheat 
(Khalique et al., 2004). Rice varieties have great diversity in its genetic background, amylose 
content, grain shape and cooking quality properties such as grain size, shape, thousand grain 
weight and hardness, which affect the grain quality. The cooking quality of rice is dependent to a 
large extent on the properties of starch, mainly amylose content (Yadav et al., 2007). Rice is 
consumed largely in the cooked form. Cooked rice with low amylose content is soft and sticky, 
while rice with high amylose is firm and fluffy. The high levels of amylose cause rice to absorb 
more water and expand more during cooking and the grains tend to cook dry, fluffy and separate 
(Hossain et al., 2009). Rice is also nutritious and hypoallergenic with flavour carrying capability. 
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Fine varieties of rice possess a specific aroma characteristic and cooking characteristics due to 
which these are very much liked all over the world and fetches higher price in the market 
(Anjum et al.,2007).Brown rice contains high dietary fiber (a gently laxative, prevents 
gastrointestinal disease and good for diabetes sufferers), rich in B vitamins and minerals and 
high in fat (energy source), phytic acid (antioxidant, anticancer) and is considered a low 
glycemic index food (Dineshbabu et al., 2009). It is utilized mostly at the household level, where 
it is consumed as boiled or fried or ground rice with stew or soup. Rice is cooked by washing and 
boiling in water. (Ihekornye and Ngoddy, 1985; Perez et al., 1987).The grain quality of rice is a 
complex character composed of many components such as nutritional quality, appearance, 
cooking quality and eating quality. A wide variation in the chemical composition of rice 
germplasm provides further scope for improving it's nutrition and grain quality through breeding. 
Hence, the information generated in the present investigation will be useful to breeders for 
improving breeding programme for better grain quality attributes. Keeping these facts in view, 
evaluation of nutritional and cooking quality of six rice genotypes released by Rice research 
station, Vadgan  Maval was undertaken.  
Material and Methods 
The grains of six promising germplasm of Rice viz., Phule Maval, Indrayani, Bhogavati, 
Phule Samrudhi, Pawana and Kundalika were obtained from the Rice Research Station Vadgaon 
maval. The seeds were cleaned, dried and stored at 4ᵒC until used for various experiments.  
Proximate composition 
The moisture, crude protein, ash, crude fat and crude fibre were estimated according to the 
standard procedures of A.O.A.C. (1990) and total carbohydrate content was calculated by 
difference. Total carbohydrates =100 - percent (Moisture + fat + protein + ash). 
Lysine: The lysine content was determined by the method given by Sadasivam and Manickam 
(1992). 
Starch extraction: The starch content was determined by anthrone method as described by 
Thimmaiah (1999). For extraction 0.5g of defatted sample with 15ml of 80 per cent ethanol was 
taken in to centrifuge tube and kept for boiling in water bath for 20 min. The contents were 
centrifuged for 10 min at 2000xg and the supernatant was collected. This procedure was repeated 
thrice. The sugar-free residue obtained was suspended in 5ml of distilled water, heated for 5 min 
to gelatinize the starch and while stirring, 6.5 ml of 52 per cent perchloric acid was added. 
Stirring was continued for 20 min and the contents were centrifuged at 5,000xg for 20 min after 
adding 20 ml of water. The supernatant was collected in a 100 ml volumetric flask. 5ml water 
and 6.5 ml of perchloric acid was again added to the residue. The residue was solublized for 30 
min with occasional stirring and the contents were washed and collected in the previous 
supernatant. The combined extracts were pooled together and diluted to 100 ml, filtered and the 
filtrate was used for starch determination.  For colour development:  1ml of the diluted starch 
solution was pipetted into glass tube kept on ice. To this ,4.2 ml of fresh anthrone reagent was 
added to each tube and mixed thoroughly and heated for exactly 7.5 min in boiling water bath. 
The tubes were cooled rapidly to room temperature under running tap water and the absorbance 
was recorded at 630 nm against the blank on a Spectronic-20. The starch content was calculated 
by multiplying the glucose content from the standard curve prepared using D-glucose by a factor 
0.9. 
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 Amylose: The amylose content was estimated as the method described by Thimmaiah (1999). 
100mg of powdered sample were transferred to a volumetric flask to that 1ml of distilled ethanol 
was added, mix well and add 10 ml of 1 N NaOH. Leave it overnight and make up the volume to 
100 ml. Taken 2.5 ml of extract, and add about 20 ml of water, three drops of phenolphthalein 
indicator and mix. Add 0.1 N HCl drop by drop until the pink colour just disappears. Add 2 ml of 
iodine reagent and make up the volume to 50 ml and read the absorbance at 590 nm.Amylose 
was calculated from standard curve prepared for amylose and percent amylose was calculated as 
below. 
Absorbance corresponds to 2.5 ml of the test solution = x mg amylose in test solution.X100 ml 
contains = -------- x 100 = % amylose 
Amylopectin : (Thayumanavan and Sadasivam, 1984) The amount of amylopectin was obtained 
by subtracting the amylose content from that of starch. 
Grains swelling- The swelling capacity of grain was estimated as the method describe by 
Subramanian et al. (1986).  Ten grains were weighed and transferred to a test tube containing 15 
ml distilled water. The tube was placed in a heating block at 900C for 1 hr and shaken 
periodically. After cooling, the excess water was decanted, the weight of the grains determined 
after absorbing excess water on a blotting paper. The results were expressed as a ratio of the final 
weight to the initial weight. 
 Cooking time- The cooking time was estimated as method was described by El-Qudah et al. 
(2008). Ten g of soaked rice grains were covered with warm water and cooked. At five minutes 
interval rice grains were taken out and pressed by thumbs, until the grain was easily smashed. 
The cooking time was recorded. 
 Stickiness  Grain stickiness was estimated as the method described by Sowbhagya et al., (1987).  
Sensory test: Samples were scored for stickiness according to a score card, in which the highest 
score corresponded to the highest perception of the quality. Table . Score card for sensory 
evaluation of texture of cooked rice. (Score Stickiness: 1 Non sticky, well separated grains, 3 
Non sticky, partially separated grains 5 Rather sticky, 7 Very sticky, 9 Like sticky) 
 Statistical analysis The data obtained in the present investigations was analysed using 
completely randomized block design as described by Panse and Sukhatme (1985). 
Results and Discussion 
Physical characteristics of grains of rice  
Seed index 
The seed index of six rice genotypes was calculated and results are summarized in Table 
1. The seed index ranged from 10.48 to28.77 g with a mean of 17.47 g. The genotype Phule 
Maval exhibited the highest seed index of 20.77 g, followed by Indrayani 19.14 g and the lowest 
of 10.48 g by the genotype Kundalika. Several investigators have reported the seed index of rice 
and it revealed different ranges as 14.82 to 21.02 g (Yadav et al., 2007), 11.40 to 21.65 g (Saikia, 
1990), 17.15 to 23.15 g (Singhet al., 1990), 14.3 to 25.5 (Dipti et al., 2003). Thus the results on 
seed characteristics observed in the present investigation are in agreement with the values 
reported in the literature. 
Grain : husk ratio 
The results on grain to husk ratio of rice genotypes are presented in Table 1. The grain : 
husk ratio ranged from 3.36 to 4.12. The highest ratio recorded for Phule Samrudhi, while the 
lowest was found in Pawana. The mean of grain : husk ratio of different genotypes of rice was 
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3.79. The reported values of grain : husk ratio in rice 3.38 to 4.31 (Saikia, 1990), 3.36 to 4.30 
(Maisont and Narkrugsa, 2009). The grain:husk ratio mostly depend upon the thickness of husk 
and size of the kernel. The variation in thickness and size may be due to the varietal variation, 
climatic conditions and agronomic practices. Thus, the results obtained in the present study are 
within the range of reported values. 
Length : breadth ratio- The results on length : breadth ratio of rice genotypes are presented in 
Table 1. It ranged from 2.99 to 3.59 and the highest length: breath raio was in Bhogavati, while 
the lowest was found in Indrayani. The reported values of L:B ratio rice are 1.97 to 4.77 
(Saravanan et al., 1995) 3.92 to 4.09 (Vaingankar and Kulkarni, 1989), 2.0 to 2.8 (Dipti et al., 
2003), 3.09 to 3.55 (Kumbhar and Sarawate, 2010 b). L:B ratio determines the grain size. If this 
ratio is greater than 4, the grains are said to be very fine 3-4 as fine, 2-3 as coarse and less than 2 
as round, group genotypes Thus, the results of seed size observed in the present investigation are 
in agreement with the values reported in the literature. 
 Proximate composition of grains of rice  
Moisture 
The results presented in Table 2 revealed that the grain moisture content ranged from 
12.63 to 14.03 percent with a mean value of 13.44 per cent. The genotypes Bhogavati recorded 
the highest moisture content of 14.03 per cent, while the genotype Pawana had the lowest of 
12.63 per cent The earlier reported values of moisture content in rice grains were 13 to 14 per 
cent (Wotton et al., 1988), 14 per cent (Dipti et al., 2003), 10 to 11 per cent (Kadan and 
Pepperman, 2002), 14.5 to 14.9 per cent (Saikia, 1990), 11.50-9.8 per cent (Oko and Onyekwere 
, 2010). Thus the results obtained in the present study are fairly in agreement with these reports. 
Higher percentage of moisture adversely affects the milling characteristics and the taste of 
cooked rice. 
 Crude protein 
The protein content of rice grain ranged from 6.83 to 7.30% with a mean value 7.05 per 
cent. The genotype Bhogavati recorded the highest protein content of 7.30 per cent, while the 
genotype Pawana had the lowest protein content of 6.83 per cent. The earlier reported values of 
protein content in rice grains are 6.0 to 7.15 per cent (Singh et al., 1990), 7.0 to 8.0 per cent 
(Anjum et al., 2007), 6.3 to 7.2 per cent (Saikia, 1990), 6.9 to 8.6 per cent (Dipti et al., 2002), 7.4 
per cent (El-Qudah et al., 2008), 9.17 to 11.67 per cent (Das et al., 2010) 5.46 to 7.02 per cent 
(Yadav et al., 2007). The variation in the protein content of different genotypes may be due to 
the genetic variation in the biosynthesis of protein, application of fertilizers and agronomic 
practices. Thus, the results obtained in the present study are within the range of reported values. 
Crude fat 
The crude fat content of the rice genotypes ranged from 0.85 to 1.48 per cent with a mean 
value of 1.14 per cent (Table 2). The genotype Phule Maval had the highest fat content of 1.48 
per cent, while the genotype Kundalika the lowest of 0.85 per cent. The fat content of the rice 
grains has been reported to range from 0.7 to 0.9 per cent (Oko and Onyekwere, 2010), 0.5 to 0.7 
per cent (Kadan and Pepperman, 2002) 0.88 to 2.68 per cent (Meena et al., 2010), 1.2 per cent 
(Moongngarm and Saetung, 2010), 0.2 to 1.17 per cent (Dineshbabu et al., 2009), 1.07 to 2.57 
per cent (Saikia, 1990). Thus the values observed in the present study are within the range of 
these reports. 
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Crude fibre  
 Crude fibre content of rice grains ranged from 0.61 to 0.96 per cent with a mean value of 0.80 
per cent (Table 2). The genotype Bhogavati contained the highest crude fibre 0.96 per cent, while 
the genotype Phule Samrudhi contained the lowest crude fibre 0.61 per cent. The earlier reported 
values of crude fibre content in rice grains are 0.39 to 0.72 per cent (Kang et al., 2003), 0.69 to 
1.92 per cent (Meena et al., 2010), 1.13 to 1.22 (Moongngarm and Saetung, 2010), 0.1 to 0.2 per 
cent (Kadan and Pepperman, 2002), 0.25 per cent (Yannai and Zimmermann, 1970), 0.84 per 
cent (Abdulaziz and Bahrany, 2002). Thus, the values observed in the present study are within 
the range of published reports. 
Lysine lysine is known to be the most limiting amino acid in cereal grains. The content of this 
amino acid was therefore, determined in the grains of rice genotypes and the results are presented 
in Table 2. The lysine content in rice grains ranged from 3.84 to 5.06 g 16-1 g N. The genotype 
Bhogavati recorded the highest lysine content of 5.06 g 16-1 g N, while it was lowest content 
3.84 g 16-1 g N in Pawana. The lysine content in rice grains has been recorded to be 2.83 g 16-1 
g N (Deka et al., 2000) 3.6 to 3.8 g 16-1 g N (Mosse et al., 1988), 4.41 g 16-1 g N (Connor et al., 
1976), 4.90 g16-1 g N (Yannai and Zimmermann, 1970). Thus the values observed in the present 
investigation are in agreement with the values reported in the literature. 
Total carbohydrates 
The carbohydrates content of rice genotypes ranged from 76.12 to 78.58 per cent with a 
mean value of 77.57 per cent (Table 2). The genotype Pawana contained the highest 
carbohydrate content of 78.58 per cent, while the genotype Bhogavati exhibited the lowest 
carbohydrates content of 76.72 per cent. The total carbohydrates in rice grains are 78.3 to 81.1 
per cent (Ebuehi and Oyewole, 2007), 51.53 to 85.57 per cent (Oko and Onyekwere, 2010), 76.8 
to 79.2 per cent (Moongngarm and Saetung, 2010); 74.35 to 80.43 per cent (Meena et al., 2010), 
75.69 to 77.38 per cent (Abdulaziz and Bahrany, 2002). Thus the values observed in the present 
investigation are in agreement with the values reported in the literature. 
Minerals 
The ash content in rice genotypes ranged from 0.65 to0.92 per cent with a mean value of 
0.78 per cent (Table 2). The genotype Phule Maval contained the highest ash content of 0.92 per 
cent, while it was lowest 0.65 per cent in Kundalika. As content in rice grains has been reported 
to vary between  0.3 to 0.6 per cent (Yadav et al., 2000), 0.8 to 1.0 per cent (Singh et al., 1990), 
0.5 to 1.0 per cent (Oko and Onyekwere, 2010). The values observed in the present studies are in 
agreement with the literature values. The ash content of a food sample gives an idea of the 
mineral elements present in the food sample. The rice grains contained iron and zinc in the range 
of 9.7 to 20.0 and 21.8 to 29.7 ppm respectively, with a mean value of 14.2 and 25.0 ppm, 
respectively (Table 3).The genotype Bhogavati contained the highest 20 ppm iron, while the 
lowest iron content 9.7ppm of Kundalika. The genotype Phule Maval contained the highest zinc 
29.7 ppm while the lowest zinc content 21.8 ppm of Indrayani The literature values of Iron and 
zinc in the rice grains range from 1.94 to 3.26 mg100-1 g and 3.25 to 6.35 mg 100-1 g (Meena et 
al., 2010), 0.59 to 3.98 mg100-1 g and 1.12 to 4.69 mg100-1 g (Anjum et al., 2007), 0.8 to 2.5 
mg100-1 g and 1.6 to 3.1 mg100 -1 g (Sotelo et al., 1990), 1.9 and 1.05 mg 100-1 g (Dineshbabu et 
al., 2009). Thus the values observed in the present study are within the range of published 
reports. 
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 Starch 
The results of starch content of rice grains are presented in Table 4. The data revealed 
that the starch content of rice genotypes ranged from 71.14 to 76.75 per cent with a mean value 
of 73.06 per cent. The genotype Pawana contained the highest starch content of 76.75 per cent, 
while the lowest starch content 71.14 per cent of Phule Maval. The earlier reported values of 
starch content in rice grains 
were 68.73 to 70.24 per cent, (Yadav et al., 2007), 64.4 per cent (Hoover et al., 1996) 60.9 to 
61.5 per cent (Kaminidevi and Geervani, 2000). The values of observed in the present studies are 
in agreement with the literature values. 
 
 Amylose and amylopectin 
The result on starch composition of rice grains revealed that the amylose and amylopectin 
content ranged from  14.64 to 26.76 percent and 73.24 to 85.36 percent respectively, with a mean 
value of 19.58 and 80.39 per cent, respectively (Table 4). The genotype Bhogavati exhibited the 
highest amylose 26.76 per cent while the lowest amylose content 14.64 per cent of Phule Maval. 
The genotype Phule Maval exhibited the highest amylopectin 85.30 per cent while, the lowest 
amylopectin content73.24 per cent of Bhogavati. Amylose content can very as much as 6% 
depending on environmental conditions. High temperature during maturity may results in 
relatively lower amylose content. Amylose content of rice determines the hardness and stickiness 
of cooked rice. Several investigators have studied the amylose content of rice which ranges from 
18.6 to 28.0 per cent (Dipti et al., 2002), 24.64 to 26.57 per cent (Kumbhar and Sarawate, 
2010a), 19.62 to 22.87 per cent (Bahmaniar and Ranjbar, 2007), 18.9 to 21.39 per cent (Das et 
al., 1999), the amylopectin content has ben reported to range between 72 to 74 per cent (Villareal 
et al.,1997),78.61 to 81.1 percent (Das et al., 2010). Thus the results on amylose and amylopectin 
observed in the present studies are in agreement with the values reported earlier in the literature.  
Cooking quality of rice grains 
The cooking characteristics of various genotypes are presented in Table 5. The grains swelling 
ratio of rice genotypes ranged from 1.64 to 2.35. The genotype Phule Maval exhibited the 
highest grain swelling ratio 2.35, while the lowest ratio 1.64 of Bhogavati. The cooking time 
ranged from 15 to 21.6 minutes. The genotype Phule Maval recorded the highest cooking time 
21.6 minutes, while the lowest cooking time 15min. of Kundalika. genotype Phule Maval that 
exhibited highest grains swelling and maximum cooking was found to be very sticky as 
compared to other sticky to non-sticky genotypes after cooking. The reported values of grain 
swelling ratio in rice are 1.52 to 1.89 (Yadav et al., 2007), 0.89 to 1.4 (Ebuehi and Oyewole, 
2007), 1.44 to 1.82 (Hossain et al., 2009). The cooking time of rice ranges 10.3 to 23.7 min (El-
Qudah et al., 2008), 18.30 to 27.8 min (Singh et al., 1989), 10 to 20 min (Nadaf and Krishnan, 
2005). Stickiness is depends on the amylose content (Sowbhagya et al., 1987). Cooking time 
determines tenderness as well as stickiness (Dipti et al., 2003). Thus, the results of cooking 
quality observed in the present investigation are in agreement with the values reported in the 
literature. 
Conclusion Considering all the physico-chemical and cooking quality attributes it can be 
concluded that the genotypes Bhogavati and Phule Maval exhibited superior in nutritional quality 
attributes and cooking quality as compared to other genotypes under study. The information thus 
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generated on the physico-chemical constituents of rice grains of these genotypes will help 
breeders in further strengthening rice breeding programmes. 
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Table 1. Physical characteristics of grains of rice genotypes 
 
Genotypes Seed index (g) Grain:husk ratio Length:breadth ratio 
Indrayani 19.14 3.49 2.99 
Phule Maval 20.77 3.39 3.34 
Bhogavati 18.40 3.86 3.59 
Phule Samrudhi 17.32 4.12 3.08 
Kundalika 10.48 4.04 3.30 
Pawana 18.70 3.36 3.10 
Range 10.48-20.77 3.36-4.12 2.99-3.59 
Mean 17.47 3.79 3.23 
SE± 0.170 0.036 0.014 
CD at 5 % 0.525 0.111 0.043 
 
 
 
 
Table 2  Proximate composition and mineral content of grains of rice genotypes 
 
Genotypes 
Moisture, 
(%) 
Crude 
protein 
(%) 
Crude 
fat, 
(%) 
Crude 
fibre, 
%) 
Lysine, 
g/16gN 
Ash, 
(%) 
Total 
carbohydrates,
( %) 
Iron 
(ppm) 
Zinc 
(ppm) 
Indrayani 13.76 7.19 1.01 0.85 4.96 0.82 77.18 11.30 21.80 
Phule 
Maval 13.50 6.91 1.48 0.93 4.82 0.92 77.01 15.50 29.70 
Bhogavati 14.03 7.30 1.11 0.96 5.06 0.84 76.72 20.00 28.60 
Phule 
Samrudhi 13.62 7.02 1.14 0.61 4.75 0.75 77.48 
      
17.90 23.90 
Kundalika 13.10 7.08 0.85 0.70 4.36 0.65 78.47 9.70 22.00 
Pawana 12.63 6.83 1.24 0.78 3.84 0.75 78.58 11.00 24.00 
Range 
12.63-
14.03 
6.83-
7.30 
0.85-
1.48 
0.61-
0.96 
3.84-
5.06 
0.65-
0.92 76.12-78.58 
9.70-
20.0 
21.8-
29.70 
Mean 13.44 7.05 1.14 0.80 4.63 0.78 77.57 14.20 25.00 
SE± 0.181 0.061 0.022 0.039 0.072 0.020 0.191 0.340 0.530 
CD at 5 % 0.559 0.189 0.070 0.122 0.223 0.061 0.590 1.05 1.70 
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Table 3. Starch composition and cooking characteristics of rice genotypes. 
 
Genotypes 
Starch, 
(%) 
Amylose, 
(%) 
Amylopectin 
(%) 
Grain 
swelling 
ratio 
Cooking time 
(Min) 
Stickiness 
Indrayani 73.66 17.33 82.67 1.84 19.00 
Non sticky well 
separated grains 
Phule 
Maval 71.14 14.64 85.36 2.35 21.60 
Very sticky 
Bhogavati 73.30 26.76 73.24 1.64 18.00 
Non sticky well 
separated grain 
Phule 
Samrudhi 72.64 24.03 75.97 1.70 17.30 
Non sticky well 
separated grain 
Kundalika 74.46 15.64 84.36 2.07 15.00 Sticky 
 Pawana 76.75 19.10 80.90 1.73 15.30 
Non sticky, 
partially 
separated grains 
Range 
71.14-
76.75 
14.64-
26.76 73.23-85.36 
1.64-2.35 15-21.6 
Mean 73.66 19.58 80.39 1.88 17.70 
SE± 0.263 0.101 0.116 0.011 0.471 
CD at 5 % 0.812 0.313 0.360 0.034 1.45 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
